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Introduction
The pathophysiology of type 2 diabetes mellitus (T2DM) is 
recognized as a complex interplay of several defects. Of these, 
insulin resistance in muscle and liver and impaired insulin se-
cretion due to pancreatic b-cell dysfunction are the most wide-
ly recognized as playing central roles.1-3 Other defects include 
increased glucagon secretion by the pancreatic islet a-cells, in-
creased hepatic glucose production, decreased glucose uptake 
by muscle, decreased incretin effect in the gastrointestinal tract, 
and increased adipocyte lipolysis.1 Another defect in T2DM, 
first observed more than 6 decades ago, is an increased renal 
threshold for glucose excretion.4 Furthermore, while the glu-
cosuria that often characterizes T2DM has traditionally been 
viewed as a sign of something undesirable, it serves to demon-
strate the important role of the kidney in glucose homeostasis. 
Therapeutic targeting of the kidneys presents an opportunity 
for a different approach to the treatment of T2DM and has 
led to the development of the sodium-glucose cotransporter-2 
(SGLT-2) inhibitors.5 The first SGLT-2 inhibitor available 
for use as an oral agent in the United States is canagliflozin  
(INVOKANA®), approved by the US Food and Drug Admin-
istration (FDA) in March 2013.6 

Role of the Kidney in Glucose  
Homeostasis
Glucose is one of the many solutes filtered out of the plasma 
by the kidneys. In healthy, nondiabetic persons, filtered glucose 
is reabsorbed in the proximal tubule. Roughly 90% of renal 
glucose reabsorption occurs in the early convoluted segment 
of the proximal tubule through the action of high-capacity, 
low-affinity SGLT-2. The remaining 10% is reabsorbed in the 
more distal segment of the tubule through the action of low- 
capacity, high-affinity sodium-glucose cotransporter-1 (SGLT-1).5 
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When the plasma glucose remains below ~180 mg/dL, little or 
no glucose appears in the urine of a healthy person.7 

In persons with T2DM, there are several key differences 
regarding the kidney’s role in glucose homeostasis compared 
with healthy persons. First, the filtered glucose load in the 
kidney is increased due to the presence of hyperglycemia. The 
extent of glucosuria does not usually rise in parallel, however, 
because the capacity of the kidney to reabsorb glucose is in-
creased in diabetes, where the renal threshold may be as high 
as 240 mg/dL of glucose in the plasma. Unless plasma  
glucose exceeds this value (ie, in poorly controlled diabetes), 
glucosuria will generally not be evident.7 In T2DM, renal glu-
cose reabsorption is increased potentially due to upregulation 
of SGLT-2/GLUT2 transporter expression and activity.8 In ad-
dition to increased reabsorption of glucose, the kidney, much 
like the liver, may contribute to hyperglycemia in T2DM via 
increased gluconeogenesis.9 Taken together, these findings sug-
gest that the kidneys may contribute to the pathophysiologic 
process of hyperglycemia in persons with diabetes.5 But, more 
importantly, therapeutic targeting of the kidneys may also pro-
vide a means of mitigating this same pathophysiologic process.

SODIUM-GLUCOSE COTRANSPORTERS
Among the family of sodium-glucose cotransporters, SGLT-1 
and SGLT-2 have been the most extensively studied. SGLT-1 
is widely distributed, being found in the distal segment of the 
proximal renal tubule, as well as in the small intestine, tra-
chea, heart, brain, testis, and prostate tissue.10  By compari-
son, SGLT-2 is found primarily in the luminal membrane of 
the S1 and S2 early segments of the proximal renal tubule, 
where the majority of filtered glucose is absorbed.11 Some 
studies show there is limited expression of SGLT-2 in brain, 
liver, thyroid, muscle, and heart tissue.12 Inhibition of SGLT-2 
has been shown to be associated with a reduction in the renal 
threshold for glucose reabsorption and increased urinary glu-
cose excretion.6,13

CASE STUDY
Norma is a 57-year-old postmenopausal woman, di-
agnosed with T2DM 5 years ago, who was last seen  
3 months ago. At that time, Norma’s primary care 
physician (PCP) reviewed her glycosylated hemoglobin 
(HbA1c) levels, noting the rise over the previous 11 months 
(see chart). This has been paralleled by an increase in her 
body weight. Norma has been treated with metformin 
in combination with lifestyle modifications since her 
diagnosis. At her last visit, Norma stated that she had 
changed jobs and was finding it difficult to maintain her 
exercise routine; she also reported eating more meals 
outside the home. Norma understands the importance 

of regaining glycemic control, but prefers not to add a 
second glucose-lowering medication at this time. Instead, 
Norma and her PCP agreed that she would seek to 
reestablish her exercise and dietary habits. The PCP also 
referred Norma to a local diabetes educator for support.

Social history: married with 2 adult children; nonsmoker, 
occasional alcohol.

Medical history: essential hypertension for 6.5 years; 
T2DM for 5 years; hyperlipidemia for 3 years.

Current medications: metformin 1000 mg twice 
daily, aspirin 81 mg once daily, ramipril 2.5 mg and 
hydrochlorothiazide 12.5 mg each once daily, simvastatin 
40 mg once daily.

March 
2012

July  
2012

February 
2013

May 
2013

HbA1c (%) 7.1 7.3 7.6 7.7

Body weight (lb) 174 176 182 183

Body mass index 
(kg/m2)

29.0 29.3 30.3 30.5

eGFR (mL/ 
min/1.73 m2)

78 - - 72

Follow-up visit
Norma reports that she has found it difficult to reestablish 
the exercise and dietary habits that she followed before 
changing jobs. She reports having less energy, but 
attributes this now to working the evening shift at a local 
retailer. Norma is receptive to starting a new medication, 
but wants to avoid further weight gain. In addition, she 
wants to avoid insulin and other medications where 
hypoglycemia is a major concern. 

In consideration of making appropriate changes 
to Norma’s regimen, the PCP recalls that the 2013 
American Association of Clinical Endocrinologists (AACE) 
consensus statement and algorithm states that dipeptidyl 
peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 
(GLP-1) receptor agonists, SGLT-2 inhibitors, or alpha-
glucosidase inhibitors serve as acceptable alternatives to 
metformin without weight gain or hypoglycemia risk.14 

When dual therapy is required for glycemic control and 
body weight reduction is a therapeutic goal, the AACE 
recommends metformin plus a GLP-1 receptor agonist or 
SGLT-2 inhibitor.14

 
SGLT-2 Inhibitors
INVOKANA® (canagliflozin), the first SGLT-2 inhibitor ap-
proved for use in the United States, is an oral agent that is dosed 
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once daily. It is indicated as an adjunct to diet and exercise to im-
prove glycemic control in adults with T2DM. INVOKANA® is 
not recommended in patients with type 1 diabetes mellitus or for 
the treatment of diabetic ketoacidosis.6 Several other SGLT-2 in-
hibitors are in various stages of clinical development and/or are 
filing new drug applications.15-17 

INVOKANA®

Pharmacokinetics
The pharmacokinetics of canagliflozin is similar in healthy sub-
jects and patients with T2DM.6  The pharmacokinetics and 
pharmacodynamics of canagliflozin were reported in adults with 
T2DM using single daily morning doses of 100 mg or 300 mg for 
7 days.18  At both dose levels, steady-state plasma concentrations 
of canagliflozin were reached after 4 to 5 days.6 Following single-
dose oral administration of 100 mg or 300 mg canagliflozin, the 
mean maximum plasma concentration (Cmax) was found to be 
dose proportional; peak plasma concentrations (median Tmax) 
occurred within 1 to 2 hours post-dose. Canagliflozin was prin-
cipally cleared from the body via O-glucuronidation to two ma-
jor, inactive metabolites, with less than 1% excreted unchanged 
in urine.6,18 The apparent terminal half-life (t½) is 10.6 hours and 
13.1 hours with canagliflozin 100 mg and 300 mg, respectively.6 

Pharmacodynamics
A major pharmacodynamic effect of canagliflozin was a reduc-
tion of the renal threshold for glucose (RTG).6, 18 From a start-
ing value of approximately 240 mg/dL, both the 100 mg and 
300 mg doses of canagliflozin suppressed the RTG through-
out the 24-hour period.6 In phase 1 studies with patients with 
T2DM, maximal suppression of mean RTG over the 24-hour 
period was seen with the canagliflozin 300 mg daily dose to ap-
proximately 70 to 90 mg/dL.6, 18 

In patients with T2DM given canagliflozin 100 mg to  
300 mg once daily over a 16-day dosing period, reductions in 
RTG and increases in urinary glucose excretion were observed 
over the dosing period. In this study, plasma glucose declined 
in a dose-dependent fashion within the first day of dosing. 
In single-dose studies in healthy and type 2 diabetic subjects, 
treatment with canagliflozin 300 mg before a mixed meal de-
layed intestinal glucose absorption and reduced postprandial 
glucose (PPG).6

Phase 3 Clinical Trials
The efficacy and safety of INVOKANA® have been investigated 
in several phase 3 clinical trials involving patients with T2DM 
(Table). These trials have utilized INVOKANA® as mono-
therapy (N=584), as well as in combination with metformin 
(N=1284), sulfonylurea (N=127), metformin and sulfonylurea 
(N=469), metformin and pioglitazone (N=342), and insulin 
(with or without other glucose-lowering agents) (N=1718).6  

Across multiple trials, INVOKANA® provided statistically 
significant glycemic benefits versus placebo.6  INVOKANA® 
has also been compared in active-controlled trials with the sul-
fonylurea glimepiride (N=1450) and the DPP-4 inhibitor si-
tagliptin (N=755).6 In the two active-controlled comparisons 
with sitagliptin, INVOKANA® at the 300-mg dose demon-
strated greater glycemic efficacy as a component of either dual-
therapy19 or triple-therapy regimens.6,20 The efficacy and safety of 
INVOKANA® have also been investigated in 714 adults 55 to 
80 years of age, as well as in 269 patients with a baseline eGFR of 
30 mL/min/1.73 m2 to <50 mL/min/1.73 m2).6 

Glycemic Efficacy
Monotherapy
INVOKANA® monotherapy has been investigated in 584 pa- 
tients with baseline HbA1c levels ≥7.0% and ≤10.0% over 
26 weeks of treatment (Table).6,21 At the end of treatment, 
HbA1c reductions from baseline were −0.77% and −1.03% with 
INVOKANA® 100 mg and 300 mg, respectively, compared 
with an increase from baseline of 0.14% with placebo. Significant 
reductions from baseline in the fasting plasma glucose (FPG) 
and 2-hour PPG levels were also observed for both doses of  
INVOKANA® versus placebo.6, 21 

Dual Therapy
The use of INVOKANA® as add-on therapy in patients who 
did not achieve adequate glycemic control with metformin 
has been investigated in two trials of 26 or 52 weeks’ duration  
(Table).6,19,22 The first trial compared INVOKANA® with 
placebo and sitagliptin as add-on therapy to metformin. Pa-
tients were randomized to receive INVOKANA® 100 mg or 
300 mg, sitagliptin 100 mg, or placebo for 26 weeks.6,19 The 
26-week placebo- and active-controlled period was followed 
by a 26-week active-controlled period (placebo group switched 
to sitagliptin). At week 26, reductions in HbA1c from baseline 
were −0.79% and −0.94% for INVOKANA® 100 mg and 
300 mg, respectively, compared with −0.82% for sitagliptin 
and −0.17% for placebo (Table, first 2 rows under Dual Ther-
apy). At week 52, HbA1c reduction from baseline was greater 
with INVOKANA® 300 mg than with sitagliptin 100 mg 
(−0.88% with INVOKANA® vs −0.73% with sitagliptin; least 
squares mean difference −0.15%, 95% CI: −0.27 to −0.03).19 
Additional secondary endpoints evaluated reductions in FPG 
levels, which were greater with either dose of INVOKANA® 
than with placebo at 26 weeks6 or with sitagliptin at 52 weeks.19 
PPG levels were also significantly reduced (P < .001) from 
baseline at 26 weeks with either dose of INVOKANA® (48 and 
57 mg/dL for 100 and 300 mg INVOKANA®, respectively) 
compared with placebo (10 mg/dL).6,19

The second trial compared INVOKANA® and glimepiride 
on a background of metformin for 52 weeks. At the end of 
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treatment, INVOKANA® 300 mg provided a greater reduc-
tion from baseline in HbA1c compared with glimepiride 
(−0.93% vs −0.81%); the relative treatment difference was 
−0.12% (95% CI: −0.22 to −0.02). In addition, the baseline 
HbA1c reduction of 0.82% with INVOKANA® 100 mg was 
noninferior to glimepiride.6,22

Triple Therapy
The efficacy of INVOKANA® has been investigated as 
add-on therapy to metformin in combination with either 
a sulfonylurea6,20,23 or pioglitazone6 in three phase 3 trials 
(Table). 

In an active-controlled comparison with sitagliptin  
100 mg over 52 weeks (on a background of metformin plus 
sulfonylurea), INVOKANA® 300 mg provided greater HbA1c 
reduction compared with sitagliptin 100 mg (−1.03% for  
INVOKANA® vs −0.66% for sitagliptin; P < .05).6,20 The 
HbA1c reduction with INVOKANA® 300 mg treatment dif-
ference of −0.37% (95% CI: –0.50 to –0.25) met criteria for 
both noninferiority (upper limit of 95% CI <0.3%) and [su-
periority] to sitagliptin (upper limit of 95% CI <0%). FPG re-
ductions from baseline in triple therapy, a secondary endpoint, 
were −30 mg/dL with INVOKANA® 300 mg and −6 mg/dL 
with sitagliptin (metformin + sulfonylurea background; treat-
ment group difference in mg/dL, 95% CI: −30 to −18).6,20

In a 26-week study of INVOKANA® in combination with 
metformin and sulfonylurea, INVOKANA® 100 mg and 
300 mg resulted in statistically significant improvement in 
HbA1c compared with placebo (−0.85% and −1.06% for 
INVOKANA® 100 mg and 300 mg, respectively, vs −0.13% 
for placebo; P < .001).6,23 These reductions were maintained 
at week 52 (−0.74%, −0.96%, and 0.01%, respectively).23 

In the 52-week study with pioglitazone on a background 
of metformin, INVOKANA® 100 mg and 300 mg resulted 
in statistically significant improvement in HbA1c for both 
doses compared with placebo (−0.89% and −1.03% for  
INVOKANA® 100 mg and 300 mg, respectively, vs −0.26% 
for placebo; P < .001).6

Additional Secondary Endpoints
In the INVOKANA® studies, the use of INVOKANA® is as-
sociated with several potentially beneficial effects that were 
prespecified as secondary endpoints in the phase 3 clinical 
trials, including changes from baseline in body weight and 
systolic blood pressure.19-21 As monotherapy, INVOKANA® 
100 mg and 300 mg resulted in greater body weight reduc-
tion from baseline (P < .001) of 2.8% and 3.9%, respectively, 
compared with 0.6% with placebo.21 Body weight reduction 
occurred rapidly through the first 6 weeks of treatment, with 
a progressive decrease for INVOKANA® 300 mg through 
26 weeks and a plateauing with INVOKANA® 100 mg after 

18 weeks.21 Systolic blood pressure decreased from baseline 
with INVOKANA® 100 mg and 300 mg by 3.3 and 5.0 mm Hg, 
respectively, compared with an increase of 0.4 mm Hg with pla-
cebo (P < .001 for both doses).6,21 

In summary, INVOKANA® provides statistically signifi-
cant placebo-subtracted HbA1c reductions from baseline, 
as monotherapy and in multiple add-on combinations, re-
gardless of other background antihyperglycemic treatment. 
The INVOKANA® 300 mg dose provides greater reduc-
tions versus INVOKANA® 100 mg.6,19,21-23 INVOKANA® 
300 mg has also been shown to provide glycemic benefits 
in two active-controlled trials versus sitagliptin and one 
versus glimepiride.6,19,20,22 Furthermore, INVOKANA®
has demonstrated reductions in FPG, PPG, body weight, 
and systolic blood pressure in multiple active- and  
placebo-controlled studies from the phase 3 clinical devel-
opment program.6,19-21,23

CASE STUDY (cont)
Following discussion of the various options, the PCP 
and Norma decide to initiate the SGLT-2 inhibitor 
INVOKANA® at a dose of 100 mg once daily before 
breakfast.6 INVOKANA® 100 mg was chosen because it is 
the recommended starting dose and should provide the 
desired glycemic lowering, is taken orally, is associated 
with hypoglycemia in 3.6% of patients when used as 
monotherapy (hypoglycemia incidence was 2.6% with 
placebo), and is associated with body weight reduction.6,14  
If acceptable glycemic control is not achieved and the eGFR 
remains ≥60 mL/min/1.73 m2, the dose of INVOKANA® may 
be increased to 300 mg once daily. If the eGFR declines 
to <60 mL/min/1.73 m2 but ≥45 mL/min/1.73 m2, the dose 
would remain at 100 mg once daily.6

Safety
The safety of INVOKANA® was also assessed in phase 3 clini-
cal trials. The most common adverse reactions associated with 
INVOKANA® (≥5% incidence) were female genital mycotic 
infections, urinary tract infection, and increased urination.6 

Safety data reported here are from a pooled analy-
sis of four placebo-controlled studies involving 1667 pa-
tients exposed to INVOKANA® for a mean duration of 
24 weeks.6 Patients received INVOKANA® 100 mg (N=833), 
INVOKANA® 300 mg (N=834), or placebo (N=646) once 
daily as monotherapy in one trial or as add-on therapy in the 
remaining three trials. The mean age of the population was  
56 years; 2% were older than 75 years of age. Fifty percent of 
the population was male and 72% was Caucasian. At baseline, 
the population had diabetes for an average of 7.3 years and had 
a mean HbA1c of 8.0%; 20% had established microvascular 
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complications of diabetes. Baseline renal function was normal 
or mildly impaired (mean eGFR 88 mL/min/1.73 m2).6 

Urinary Tract Infection
The proportions of patients with adverse reactions recorded as 
urinary tract infections (including the terms urinary tract in-
fection, cystitis, kidney infection, or urosepsis) were 5.9% with 
INVOKANA® 100 mg, 4.3% with INVOKANA® 300 mg, 
and 4.0% with placebo.6

Genital Mycotic Infections  
It should be noted that urinary tract infections (as described 
above), which are typically bacterial, are distinct from genital 
mycotic (or yeast) infections described in this section.

In the pool of four placebo-controlled clinical trials involv-
ing 1667 patients treated with INVOKANA® (and 646 on pla-
cebo), female genital mycotic infections (eg, vulvovaginal my-
cotic infection, vulvovaginal candidiasis, and vulvovaginitis) 
occurred in 10.4%, 11.4%, and 3.2% of females treated with 
INVOKANA® 100 mg, INVOKANA® 300 mg, and placebo, 
respectively.6 Patients with a history of genital mycotic infec-
tions were more likely to develop genital mycotic infections on 
INVOKANA®. Female patients who developed genital mycot-
ic infections on INVOKANA® were more likely to experience 
recurrence and require treatment with oral or topical antifun-
gal agents and antimicrobial agents.6 

In males, genital mycotic infection (eg, candidal balanitis, 
balanoposthitis) occurred in 4.2%, 3.7%, and 0.6% of males 
treated with INVOKANA® 100 mg, INVOKANA® 300 mg, 
and placebo, respectively.6 Male genital mycotic infections oc-
curred more commonly in uncircumcised males and in males 
with a prior history of balanitis or balanoposthitis. Among 
INVOKANA®-treated males having experienced genital my-
cotic infection, 22% saw recurrence of the adverse reaction 
with continued treatment, and were more likely to require 
treatment with oral or topical antifungal agents and antimicro-
bial agents. Among males receiving placebo who experienced 
genital mycotic infection, there were no reports of recurrence.6 

Hypoglycemia
Hypoglycemia associated with glucose-lowering therapy is a 
common safety concern of patients.24 When INVOKANA® was 
used as monotherapy over 26 weeks, the percentage of patients 
with documented hypoglycemia was similar with INVOKANA® 
100 mg and 300 mg and placebo.21 Documented hypoglycemia 
included biochemically confirmed episodes (concurrent finger 
stick or plasma glucose ≤70 mg/dL, irrespective of symptoms). 
There were no episodes of severe hypoglycemia, defined as hypo-
glycemia requiring the assistance of another person or that result-
ed in seizure or loss of consciousness in the 26-week monothera-
py study.21  In a 52-week study of INVOKANA® compared with 

glimepiride as add-on therapy to metformin, the proportion of 
patients with documented hypoglycemia was “significantly” lower 
with either dose of INVOKANA® compared with glimepiride.22 
Furthermore, less than 1% of patients treated with the addition 
of INVOKANA® experienced severe hypoglycemia compared 
with 3% of patients treated with the addition of glimepiride.22 In 
two dual- and triple-therapy studies, the percentage of patients 
who experienced any hypoglycemia or severe hypoglycemia was 
similar with INVOKANA® and sitagliptin.19,20 Insulin and in-
sulin secretagogues, such as sulfonylurea, are known to cause hy-
poglycemia. Since combination use of INVOKANA® with these 
agents can increase the risk of hypoglycemia, it is advisable to use 
lower doses of these agents in therapy.6

Volume Depletion–Related Adverse Reactions
INVOKANA® results in an osmotic diuresis, which may lead 
to reductions in intravascular volume. In clinical studies, 
treatment with INVOKANA® was associated with a dose-
dependent increase in the incidence of volume depletion– 
related adverse reactions (eg, hypotension, postural dizziness, 
orthostatic hypotension, syncope, and dehydration). An in-
creased incidence was observed in patients on the 300 mg dose. 
The three factors associated with the largest increase in vol-
ume depletion–related adverse reactions were the use of loop  
diuretics, moderate renal impairment (eGFR 30 to less than  
60 mL/min/1.73 m2), and age 75 years and older.6 

Hypotension
In association with osmotic diuresis and intravascular volume 
contraction, symptomatic hypotension can occur after initiat-
ing INVOKANA®, particularly in patients with impaired renal 
function (eGFR less than 60 mL/min/1.73 m2), elderly patients, 
patients on either diuretics or medications that interfere with 
the renin-angiotensin-aldosterone system (eg, angiotensin- 
converting-enzyme [ACE] inhibitors, angiotensin-receptor block-
ers [ARBs]), or patients with low systolic blood pressure. Before 
initiating INVOKANA® in patients with one or more of these 
characteristics, volume status should be assessed and corrected.6 

Lipid Changes and Cardiovascular Outcomes
In the pooled analysis of four placebo-controlled trials, dose-
related increases in low-density lipoprotein cholesterol (LDL-C) 
with INVOKANA® were observed.6 From a mean baseline of 
104 to 110 mg/dL across treatment groups, mean changes in 
LDL-C relative to placebo were 4.4 mg/dL and 8.2 mg/dL with 
INVOKANA® 100 mg and 300 mg, respectively. In addition, 
dose-related increases in non–high-density lipoprotein cholesterol 
(non–HDL-C) with INVOKANA® were observed. From a mean 
baseline of 140 to 147 mg/dL across treatment groups, mean 
changes in non–HDL-C relative to placebo were 2.1 mg/dL and 
5.1 mg/dL with INVOKANA® 100 mg and 300 mg, respectively.6 
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There have been no clinical studies establishing conclusive 
evidence of macrovascular risk reduction with INVOKANA® 
or any other antidiabetic drug.6 A long-term cardiovascular 
safety study of INVOKANA® is ongoing.25

CASE STUDY (cont)
The PCP reviews with Norma an action plan for monitoring 
and managing hypoglycemia. He also discusses the risk of 
vaginal yeast infections and the possibility of an increase 
in LDL-C, with plans for monitoring. The PCP also discusses 
the possibility of intravascular volume contraction and the 
chance of symptomatic hypotension, particularly in patients 
with eGFR <60 mL/min/1.73 m2, those who are elderly, those 
who are taking a diuretic, an ACE inhibitor, or an ARB, or 
those with low systolic blood pressure.6 Since the patient 
is currently taking a diuretic (hydrochlorothiazide) and 
INVOKANA® can cause an osmotic diuresis, the patient’s 
blood pressure may need to be monitored and the dosage 
of hydrochlorothiazide adjusted.6 Prior to initiation of the 
new treatment, the PCP obtains a comprehensive metabolic 
panel and requests that Norma return for follow-up in 4 to 
6 weeks with repeat laboratory tests. He provides her with 
a prescription for INVOKANA® 100 mg daily, to be taken 
before the first meal of the day.6

Use in Specific Populations
Pregnancy/Nursing
INVOKANA® is categorized as pregnancy category C.6 There 
are no adequate and well-controlled studies of INVOKANA® 
in pregnant women. During pregnancy, appropriate alter-
native therapies should be considered, especially during the 
second and third trimesters. INVOKANA® should be used 
during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. It is not known if INVOKANA® 
is excreted in human milk, but it is secreted in the milk of lac-
tating rats. Because many drugs are excreted in human milk, 
and because of the potential for serious adverse reactions 
in nursing infants from INVOKANA®, a decision should 
be made whether to discontinue nursing or to discontinue  
INVOKANA®, taking into account the importance of the 
drug to the mother.6 

Pediatrics
The safety and effectiveness of INVOKANA® have not been 
established in persons under 18 years of age.6 

Geriatrics
INVOKANA® has been investigated in 2034 patients 
65 years and older and 345 patients 75 years and older.6 
Smaller reductions in HbA1c with INVOKANA® relative to 

placebo were observed in patients 65 years and older (−0.61% 
with INVOKANA® 100 mg and −0.74% with INVOKANA® 
300 mg) compared with younger patients (−0.72% with  
INVOKANA® 100 mg and −0.87% with INVOKANA® 
300 mg). Compared with younger patients, those 65 years 
and older had a higher incidence of adverse reactions related 
to reduced intravascular volume, eg, hypotension, postural 
dizziness, orthostatic hypotension, syncope, and dehydration, 
particularly with INVOKANA® 300 mg daily. A more promi-
nent increase in incidence was observed in patients 75 years  
and older.6 

Renal or Hepatic Impairment
Patients with moderate renal impairment (eGFR 30 to  
<50 mL/min/1.73 m2) treated with INVOKANA® have been 
observed to experience less overall glycemic efficacy and have 
a higher occurrence of adverse reactions related to reduced 
intravascular volume, renal-related adverse reactions, and de-
creases in eGFR compared with patients with eGFR ≥60 mL/
min/1.73 m2.6 

No dosage adjustment is necessary in patients with mild 
or moderate hepatic impairment. The use of INVOKANA® in 
patients with severe hepatic impairment has not been studied 
and is therefore not recommended.6 

CASE STUDY (cont)
Telephone follow-up with Norma 3 weeks after her office 
visit in May 2013 found that she was doing well and had 
not experienced any adverse effects of therapy. Norma 
also reported that she had made some improvement in 
reestablishing her exercise and dietary habits, and she 
felt less tired. Repeat laboratory tests indicated a stable 
eGFR in July 2013. At a follow-up office visit in November 
2013, Norma indicates that she has not experienced 
any symptoms of hypoglycemia. She has periodically 
monitored her blood pressure at her local pharmacy 
and found no change; her blood pressure today is  
128/76 mm Hg. Based on the improvement in her HbA1c 
and body weight and stable renal function (see chart 
below), Norma and her PCP agree to continue metformin 
and INVOKANA® at the same dosages. 

February 
2013

May 
2013

July 
2013

November 
2013

HbA1c (%) 7.6 7.7 7.4 6.9

Body weight (lb) 182 183 180 176

Body mass index 
(kg/m2)

30.3 30.5 30.0 29.3

eGFR (mL/ 
min/1.73 m2)

- 72 71 71
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Summary
The kidney plays an important role in glucose homeostasis 
and has become an important treatment target in T2DM, 
resulting in the development of the SGLT-2 inhibitors.  
INVOKANA®, the first SGLT-2 inhibitor approved 
as an agent for oral use in the United States, provides 
statistically significant placebo-subtracted HbA1c re-
ductions from baseline, as monotherapy and in mul-
tiple add-on combinations, regardless of other back-
ground antihyperglycemic treatment. The INVOKANA® 
300 mg dose provides greater reductions versus INVOKANA® 
100 mg.6,19,21-23 HbA1c reductions with INVOKANA® 300 mg 
are greater than with sitagliptin 100 mg or glimepiride.19,20,22 
INVOKANA® is characterized by a lower risk of hypoglycemia 
than glimepiride and similar risk to sitagliptin.20,22 Reductions 
in body weight and systolic blood pressure and increases in 
LDL-C are observed.6 Genital mycotic infections in women, 
urinary tract infection, and increased urination are the most 
common adverse events.6  l

References
	1.	� DeFronzo RA. Banting Lecture. From the triumvirate to the ominous octet: 

a new paradigm for the treatment of type 2 diabetes mellitus. Diabetes. 
2009;58(4):773-795.

	2.	� Corkey BE. Banting lecture 2011: hyperinsulinemia: cause or consequence? 
Diabetes. 2012;61(1):4-13.

	3.	� Bagust A, Beale S. Deteriorating beta-cell function in type 2 diabetes: a long-
term model. QJM. 2003;96(4):281-288.

	4.	� Farber SJ, Berger EJ, Earle DP. Effect of diabetes and insulin on the maxi-
mum capacity of the renal tubules to reabsorb glucose. J Clin Invest. 
1951;30(2):125-129.

	5.	� Abdul-Ghani MA, DeFronzo RA. Inhibition of renal glucose reabsorption: 
a novel strategy for achieving glucose control in type 2 diabetes mellitus. 
Endocr Pract. 2008;14(6):782-790.

	6.	� Invokana [package insert]. Titusville, NJ: Janssen Pharmaceuticals, Inc.; 
2013.

	7.	� Cowart SL, Stachura ME. Glucosuria. In: Walker HK, Hall WD, Hurst JW, 
eds. Clinical Methods: The History, Physical, and Laboratory Examinations. 
3rd ed. Boston, MA: Butterworths; 1990:653-657.

	8.	� Rahmoune H, Thompson PW, Ward JM, Smith CD, Hong G, Brown J. 
Glucose transporters in human renal proximal tubular cells isolated from the 
urine of patients with non-insulin-dependent diabetes. Diabetes. 
2005;54(12):3427-3434.

	9.	� Meyer C, Woerle HJ, Dostou JM, Welle SL, Gerich JE. Abnormal renal, 
hepatic, and muscle glucose metabolism following glucose ingestion in  
type 2 diabetes. Am J Physiol Endocrinol Metab. 2004;287(6):E1049-E1056.

	10.	� Wright EM, Hirayama BA, Loo DF. Active sugar transport in health and 
disease. J Intern Med. 2007;261(1):32-43.

	11.	� Nair S, Wilding JP. Sodium glucose cotransporter 2 inhibitors as a new 
treatment for diabetes mellitus. J Clin Endocrinol Metab. 2010;95(1):34-42.

	12.	� Wright EM, Loo DD, Hirayama BA. Biology of human sodium glucose 
transporters. Physiol Rev. 2011;91(2):733-794.

	13.	� Polidori D, Sha S, Mudaliar S, et al. Canagliflozin lowers postprandial glu-
cose and insulin by delaying intestinal glucose absorption in addition to 
increasing urinary glucose excretion: results of a randomized, placebo- 
controlled study. Diabetes Care. 2013;36(8):2154-2161.

	14.	� Garber AJ, Abrahamson MJ, Barzilay JI, et al. American Association of 
Clinical Endocrinologists’ comprehensive diabetes management algorithm 
2013 consensus statement. Endocr Pract. 2013;19(suppl 2):1-48.

	15.	� Anderson SL, Marrs JC. Dapagliflozin for the treatment of type 2 diabetes. 
Ann Pharmacother. 2012;46(4):590-598.

	16.	� A study to assess the efficacy and safety of ASP1941 in combination  
with metformin in Asian diabetes patients. ClinicalTrials.gov Identifier: 
NCT01505426. http://clinicaltrials.gov/ct2/show/NCT01505426?term= 
ipragliflozin+and+phase+3&rank=3. Accessed October 1, 2013.

	17.	� A study to evaluate long-term safety and efficacy of ASP1941 in diabetes 
patients. ClinicalTrials.gov Identifier: NCT01672762. http://clinicaltrials. 
�gov/ct2/show/NCT01672762?term=ipragliflozin+and+phase+3&rank=1. 
Accessed October 1, 2013.

	18.	� Devineni D, Curtin CR, Polidori D, et al. Pharmacokinetics and pharmaco-
dynamics of canagliflozin, a sodium glucose co-transporter 2 inhibitor, in 
subjects with type 2 diabetes mellitus. J Clin Pharmacol. 2013;53(6):
601-610.

	19.	� Lavalle-González FJ, Januszewicz A, Davidson J, et al. Efficacy and safety of 
canagliflozin compared with placebo and sitagliptin in patients with type 2 
diabetes on background metformin monotherapy: a randomised trial. Dia-
betologia. 2013 Sep 13. [Epub ahead of print]. doi: 10.1007/s00125-013-
3039-1.

	20.	� Schernthaner G, Gross JL, Rosenstock J, et al. Canagliflozin compared with 
sitagliptin for patients with type 2 diabetes who do not have adequate glyce-
mic control with metformin plus sulfonylurea: a 52-week randomized trial. 
Diabetes Care. 2013;36(9):2508-2515.

	21.	� Stenlöf K, Cefalu WT, Kim KA, et al. Efficacy and safety of canagliflozin 
monotherapy in subjects with type 2 diabetes mellitus inadequately con-
trolled with diet and exercise. Diabetes Obes Metab. 2013;15(4):372-382.

	22.	� Cefalu WT, Leiter LA, Yoon KH, et al. Efficacy and safety of canagliflozin 
versus glimepiride in patients with type 2 diabetes inadequately controlled 
with metformin (CANTATA-SU): 52 week results from a randomised, 
double-blind, phase 3 non-inferiority trial. Lancet. 2013;382(9896):
941-950.

	23.	� Wilding JP, Charpentier G, Hollander P, et al. Efficacy and safety of cana-
gliflozin in patients with type 2 diabetes mellitus inadequately controlled 
with metformin and sulphonylurea: a randomised trial. Int J Clin Pract. 
2013 Oct 13. doi: 10.1111/ijcp.12322. [Epub ahead of print]

	24.	� Leiter LA, Yale JF, Chiasson JL, Harris SB, Kleinstiver P, Sauriol L. Assess-
ment of the impact of fear of hypoglycemic episodes on glycemic and hypo-
glycemic management. Can J Diabetes. 2005;29(3):186-192.

	25.	� Neal B, Perkovic V, de Zeeuw D, et al. Rationale, design, and baseline char-
acteristics of the Canagliflozin Cardiovascular Assessment Study 
(CANVAS)—a randomized placebo-controlled trial. Am Heart J. 
2013;166(2):217-223.e11.



10   JANUARY 2014  |  Vol 63, No 1  |  An IndusTry Direct supplement to The Journal of Family Practice

[SGLT-2 Inhibition in the kidney]

Please see Important Safety Information, full Prescribing Information, and Medication Guide, starting on page 10.

INVOKANA®

Indication Statement
INVOKANA® (canagliflozin) is indicated as an adjunct to diet 
and exercise to improve glycemic control in adults with type 2 
diabetes mellitus.

INVOKANA® is not recommended in patients with type 1 
diabetes or for the treatment of diabetic ketoacidosis.

Important Safety Information
Contraindications
• �History of a serious hypersensitivity reaction to  

INVOKANA®.
• �Severe renal impairment (eGFR <30 mL/min/1.73 m2), end 

stage renal disease, or patients on dialysis.

WARNINGS and PRECAUTIONS
•  �Hypotension: INVOKANA® causes intravascular volume 

contraction. Symptomatic hypotension can occur after initi-
ating INVOKANA®, particularly in patients with impaired 
renal function (eGFR <60 mL/min/1.73 m2), elderly pa-
tients, and patients on either diuretics or medications that 
interfere with the renin-angiotensin-aldosterone system (eg, 
angiotensin-converting-enzyme [ACE] inhibitors, angioten-
sin receptor blockers [ARBs]), or patients with low systolic 
blood pressure. Before initiating INVOKANA® in patients 
with one or more of these characteristics, volume status 
should be assessed and corrected. Monitor for signs and 
symptoms after initiating therapy.

•  �Impairment in Renal Function: INVOKANA® increases 
serum creatinine and decreases eGFR. Patients with hypovo-
lemia may be more susceptible to these changes. Renal func-
tion abnormalities can occur after initiating INVOKANA®. 
More frequent renal function monitoring is recommended 
in patients with an eGFR below 60 mL/min/1.73 m2.

•  �Hyperkalemia: INVOKANA® can lead to hyperkalemia. 
Patients with moderate renal impairment who are taking 
medications that interfere with potassium excretion, such 
as potassium-sparing diuretics, or medications that inter-
fere with the renin-angiotensin-aldosterone system are 
more likely to develop hyperkalemia. Monitor serum po-
tassium levels periodically after initiating INVOKANA® in 
patients with impaired renal function and in patients predis-
posed to hyperkalemia due to medications or other medical  
conditions.

•  �Hypoglycemia With Concomitant Use With Insulin and 
Insulin Secretagogues: Insulin and insulin secretagogues are 
known to cause hypoglycemia. INVOKANA® can increase 
the risk of hypoglycemia when combined with insulin or an in-
sulin secretagogue. Therefore, a lower dose of insulin or insulin 

secretagogue may be required to minimize the risk of hypogly-
cemia when used in combination with INVOKANA®.

•  �Genital Mycotic Infections: INVOKANA® increases the 
risk of genital mycotic infections. Patients with a history of 
genital mycotic infections and uncircumcised males were 
more likely to develop genital mycotic infections. Monitor 
and treat appropriately.

•  �Hypersensitivity Reactions: Hypersensitivity reactions 
(eg, generalized urticaria), some serious, were reported with  
INVOKANA® treatment; these reactions generally occurred 
within hours to days after initiating INVOKANA®. If hyper-
sensitivity reactions occur, discontinue use of INVOKANA®; 
treat per standard of care and monitor until signs and symp-
toms resolve.

•  �Increases in Low-Density Lipoprotein (LDL-C): Dose-
related increases in LDL-C occur with INVOKANA®. 
Monitor LDL-C and treat per standard of care after initiat-
ing INVOKANA®.

•  �Macrovascular Outcomes: There have been no clinical stud-
ies establishing conclusive evidence of macrovascular risk re-
duction with INVOKANA® or any other antidiabetic drug.

DRUG INTERACTIONS
•  �UGT Enzyme Inducers: Rifampin: Co-administration of 

canagliflozin with rifampin, a nonselective inducer of several 
UGT enzymes, including UGT1A9, UGT2B4, decreased 
canagliflozin area under the curve (AUC) by 51%. This de-
crease in exposure to canagliflozin may decrease efficacy. If an 
inducer of these UGTs (eg, rifampin, phenytoin, phenobarbi-
tal, ritonavir) must be co-administered with INVOKANA® 
(canagliflozin), consider increasing the dose to 300 mg once 
daily if patients are currently tolerating INVOKANA® 
100 mg once daily, have an eGFR greater than  
60 mL/min/1.73 m2, and require additional glycemic con-
trol. Consider other antihyperglycemic therapy in patients 
with an eGFR of 45 to less than 60 mL/min/1.73 m2 receiv-
ing concurrent therapy with a UGT inducer and requiring 
additional glycemic control.

•  �Digoxin: There was an increase in the area AUC and mean 
peak drug concentration (Cmax) of digoxin (20% and 36%, 
respectively) when co-administered with INVOKANA® 
300 mg. Patients taking INVOKANA® with concomitant 
digoxin should be monitored appropriately.

USE IN SPECIFIC POPULATIONS
•  �Pregnancy Category C: There are no adequate and well-

controlled studies of INVOKANA® in pregnant women. 
Based on results from rat studies, canagliflozin may affect renal 
development and maturation. In a juvenile rat study, increased 
kidney weights and renal pelvic and tubular dilatation were 
evident at ≥0.5 times clinical exposure from a 300-mg dose. 
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Please see Important Safety Information, full Prescribing Information, and Medication Guide, starting on page 10.

These outcomes occurred with drug exposure during periods 
of animal development that correspond to the late second 
and third trimester of human development. During pregnan-
cy, consider appropriate alternative therapies, especially dur-
ing the second and third trimesters. INVOKANA® should 
be used during pregnancy only if the potential benefit justi-
fies the potential risk to the fetus.

•  �Nursing Mothers: It is not known if INVOKANA® is ex-
creted in human milk. INVOKANA® is secreted in the milk 
of lactating rats, reaching levels 1.4 times higher than that 
in maternal plasma. Data in juvenile rats directly exposed to 
INVOKANA® showed risk to the developing kidney (renal 
pelvic and tubular dilatations) during maturation. Since hu-
man kidney maturation occurs in utero and during the first  
2 years of life when lactational exposure may occur, there 
may be risk to the developing human kidney. Because many 
drugs are excreted in human milk, and because of the po-
tential for serious adverse reactions in nursing infants from  
INVOKANA®, a decision should be made whether to dis-
continue nursing or to discontinue INVOKANA®, taking 
into account the importance of the drug to the mother.

•  �Pediatric Use: Safety and effectiveness of INVOKANA® 
in pediatric patients under 18 years of age have not been  
established.

•  �Geriatric Use: Two thousand thirty-four (2034) patients 
65 years and older, and 345 patients 75 years and older 
were exposed to INVOKANA® in nine clinical studies of 
INVOKANA®. Patients 65 years and older had a higher 
incidence of adverse reactions related to reduced intravas-
cular volume with INVOKANA® (such as hypotension, 
postural dizziness, orthostatic hypotension, syncope, and 
dehydration), particularly with the 300-mg daily dose, com-
pared to younger patients; more prominent increase in the 
incidence was seen in patients who were ≥75 years of age. 
Smaller reductions in HbA1c with INVOKANA® relative to 
placebo were seen in older (65 years and older; -0.61% with  
INVOKANA® 100 mg and -0.74% with INVOKANA® 
300 mg relative to placebo) compared to younger patients 
(-0.72% with INVOKANA® 100 mg and -0.87% with 
INVOKANA® 300 mg relative to placebo).

•  �Renal Impairment: The efficacy and safety of INVOKANA® 
were evaluated in a study that included patients with moder-
ate renal impairment (eGFR 30 to <50 mL/min/1.73 m2). 

These patients had less overall glycemic efficacy and had 
a higher occurrence of adverse reactions related to re-
duced intravascular volume, renal-related adverse reac-
tions, and decreases in eGFR compared to patients with 
mild renal impairment or normal renal function (eGFR  
≥60 mL/min/1.73 m2); patients treated with INVOKANA® 
300 mg were more likely to experience increases in potassium. 

  �  �The efficacy and safety of INVOKANA® have not been es-
tablished in patients with severe renal impairment (eGFR  
<30 mL/min/1.73 m2), with end-stage renal disease (ESRD), 
or receiving dialysis. INVOKANA® is not expected to be ef-
fective in these patient populations.

•  �Hepatic Impairment: No dosage adjustment is necessary 
in patients with mild or moderate hepatic impairment. 
The use of INVOKANA® has not been studied in patients 
with severe hepatic impairment and it is therefore not  
recommended.

OVERDOSAGE
•  �There were no reports of overdose during the clinical de-

velopment program of INVOKANA® (canagliflozin).
 
In the event of an overdose, contact the Poison Control 
Center. It is also reasonable to employ the usual supportive 
measures, eg, remove unabsorbed material from the gastroin-
testinal tract, employ clinical monitoring, and institute sup-
portive treatment as dictated by the patient’s clinical status. 
Canagliflozin was negligibly removed during a 4-hour hemo-
dialysis session. Canagliflozin is not expected to be dialyz-
able by peritoneal dialysis.

ADVERSE REACTIONS
•  �The most common (≥5%) adverse reactions were female 

genital mycotic infections, urinary tract infections, and in-
creased urination. Adverse reactions in ≥2% of patients were 
male genital mycotic infections, vulvovaginal pruritus, thirst, 
nausea, and constipation.

Please see accompanying full Prescribing Information and 
Medication Guide.
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